NOAA's Shipboard Environmental Data Acquisition System (SEAS) has proven to be a r e l i a b l e and econ o m i c a l s y s t e m f o r a c q u i r i n g d i g i t a l XBT d a t a a t s e a a n d t r a n s m i t t i n g i t , v i a s a t e l l i t e t o o p e r at i o n a l c e n t e r s and o t h e r r e a l -t i m e u s e r s .
Shipboard Environmental Data Acquisition System (SEAS) has proven to be a r e l i a b l e and econ o m i c a l s y s t e m f o r a c q u i r i n g d i g i t a l XBT d a t a a t s e a a n d t r a n s m i t t i n g i t , v i a s a t e l l i t e t o o p e r at i o n a l c e n t e r s and o t h e r r e a l -t i m e u s e r s . The h i g h r e s o l u t i o n p r o f i l e s c a p t u r e d on the Hewlett P a c k a r d d i g i t a l c a s s e t t e t a p e s a l s o o f f e r t h e delayed-mode u s e r w i t h r e l a t i v e l y i n e x p e n s i v e and r a p i d a c c e s s t o t h e s e d a t a . The National Oceanographic Data Center has recently developed a processing system for XBT 
data recorded on SEAS c a s s e t t e t a p e s . T h i s s y s t e m b u i l d s on and incorp o r a t e s f e a t u r e s o f
NODC's analog XBT temperature p r o f i l e p r o c e s s i n g s y s t e m , b u t accommodates spec i a l f e a t u r e s and requirements of the cassette t a p e s .
INTRODUCTION
Since it was developed nearly 25 years ago by the Sippican Corporation, the expendable bathythermograph (XBT) s y s t e m r e l i e d on s t r i p c h a r t r e c o rd e r s t o c a p t u r e o c e a n t e m p e r a t u r e p r o f i l e s a s analog "traces".
Now, however, t h i s mode of o p e r a t i o n is b e i n g s u p e r s e d e d b y d i r e c t d i g i t a l r e c o r d i n g o f d a t a on c a s s e t t e t a p e s .
In t h e l a t e 1 9 6 0 ' s , i n c o o p e r a t i o n w i t h t h e U.S. Navy F l e e t Numerical Oceanography Center (FNOC), the National Oceanographic Data Center (NODC) developed a s y s t e m f o r d i g i t i z i n g , q u a l i t y c o n t r o l l i n g , and a r c h i v i n g XBT data. Since that time over 700,000
XBTs have been d i g i t i z e d b y NODC, FNOC, and p r iv a t e c o n t r a c t o r s . T h e s e d i g i t a l d a t a h a v e accumul a t e d
i n an NODC a r c h i v e f i l e where t h e y a r e a v a i l a b l e t o r e s e a r c h e r s a r o u n d t h e world.
To accommodate XBT d a t a on d i g i t a l c a s s e t t e s , NODC has adapted i t s processing procedures and developed a system for handling them.
In the most r e c e n t v e r s i o n o f i t s XBT processing system, NODC used a d i g i t i z e r t h a t c o n v e r t e d h o r iz o n t a l or v e r t i c a l movement o f t h e s t y l u s a l o n g t h e a n a l o g t r a c e t o d e p t h and temperature values. The 0.005 i n c h r e s o l u t i o n o f t h e d i g i t i z e r e q u a t e s t o a depth and temperature resolution of 0.5 m and 0.05 OC.
From t h i s a n a l o g -t o -d i g i t a l (A-D) o u t p u t a s e r i e s o f l i n e s e g m e n t s were f i t t e d t o t h e d a t a s u c h t h a t no i n d i v i d u a l p o i n t d e v i a t e d from t h e l i n e by more than 0.015 inches or 0.15OC. The end p o i n t s ( " f l e x u r e p o i n t s " ) of t h e s e l i n e segments became the archived depth-temperature p a i r s .
The processing of XBT s t r i p c h a r t s i n v o l v e d cons i d e r a b l e human intervention. During prescreening o f t h e a n a l o g s t r i p c h a r t s , t r a c e s were annotated t o i n d i c a t e where t o start and s t o p t h e d i g i t i z ation process. Traces with excessive noise due t o wire breaks or l e a k a g e s w e r e r e j e c t e d o u t r i g h t .
I n a d d i t i o n ,
t h e p r e s c r e e n i n g a n d d i g i t i z a t i o n process enabled NODC s t a f f t o i d e n t i f y p o t e n t i a l problems such a s e x c e s s i v e s l o p s , p o s i t i v e g r ad i e n t s , and c a s e s where the probe hit bottom, and t o t a k e t h e n e c e s s a r y c o r r e c t i v e a c t i o n . An XBT c o n t r o l l e r i n t e r f a c e s t h e XBT launcher and the HP-85. This system automatically records on c a s s e t t e t a p e t h e d i g i t a l v o l t a g e s r e p r e s e n t i n g t e m p e r a t u r e v a l u e s and processes each XBT d r o p f o r r e a l -t i m e t r a n s m i s s i o n t o NOAA's National Environmental S a t e l l i t e , D a t a , and Information Service (NESDIS). A t t h e p r e s e n t t i m e t h e r e a r e a p p r o x i m a t e l y 50 semi-automatic SEAS systems deployed on NOAA s h i p s and p a r t i c i p a t i n g s h i p s of opportunity. There are two types of semi-automatic SEAS systems. Each h a s somewhat d i f f e r e n t c h a r a c t e r i s t i c s a t t r i b ut a b l e t o t h e r e s p e c t i v e s y s t e m d e s i g n c o n t r a c t o r s , Bathy Systems, Inc. and Suttron Systems, Inc. With r e s p e c t t o XBT d a t a p r o c e s s i n g , t h e most s i g n i f i c a n t d i f f e r e n c e between these two systems i s t h e f o r m a t o f t h e d i g i t a l c a s s e t t e t a p e s t h e y produce. The S u t t r o n and -thy systems record 
m (based on t h e known f r e e f a l l r a t e o f t h e XBT p r o b e ) . The raw d a t a and t h e a s s o c i a t e d p o s i t i o n , d a t e , a n d t i m e i n f o r m a t i o n a r e s t o r e d on c a s s e t t e tapes.
Each c a s s e t t e c a n s t o r e d a t a from approximately 30 XBT drops.
CASSETTE DATA PROCESSING CYCLE A c q u i s i t i o n
When SEAS c a s s e t t e s a r e r e c e i v e d a t NODC, t h e y --a l o n g w i t h o t h e r t y p e s of d a t a --e n t e r t h e NODC
Data Entry
System. The data shipment is e n t e r e d i n t o t h e a u t o m a t e d
Data Entry Wacking S y s t e m which records information on who submitted the d a t a , when t h e d a t a was c o l l e c t e d , where t h e d a t a was c o l l e c t e d , and how much d a t a was c o l l e c t e d . The system assigns NODC r e f e r e n c e numbers and produces an acknowledgement l e t t e r t h a t is s e n t t o t h e s u b m i t t e r t o v e r i f y t h a t t h e d a t a was received.
An i n v e n t o r y t r a n s a c t i o n r e c o r d is a u t o m a t i c a l l y g e n e r a t e d t o update t h e NODC invent o r y system.
Conversion
The process of converting XBT d a t a t o NODC's a r c h i v a l s t o r a g e f o r m a t b e g i n s when t h e d a t a v a l u e s a r e t r a n s f e r r e d from t h e c a s s e t t e t o NODC's in-house VAX 11/750. This is done u s i n g a program w r i t t e n i n W-85 BASIC v i a a d i r e c t s e r i a l
The o p e r a t o r l o a d s t h e a p p r o p r i a t e t r a n s f e r program (Bathy or S u t t r o n ) on t h e NODC W-85 a n d i n s e r t s t h e d a t a c a s s e t t e . The program prompts the operator for the names of the f i l e s t h a t a r e on t h e d a t a c a s s e t t e . The o p e r a t o r e n t e r s t h e names o f t h e f i l e s t h a t a r e t o b e t r a n s f e r r e d and then logs onto the VAX on an adjac e n t t e r m i n a l .
! Cwo d e v i c e s ( t h e
HP-85 and a VAX t e r m i n a l ) a r e r e q u i r e d when t r a n f e r r i n g t h e d a t a because the HP-85 is not running under a communications protocol.
The HP-85 simply sends the d a t a down t h e w i r e .
I n o r d e r f o r t h e VAX t o r e c e i v e t h e d a t a and write them t o a d i s k f i l e an i n t e r a c t i v e s e s s i o n must be i n i t i a t e d . A f t e r t h i s s e s s i o n h a s b e e n e s t a b l i s h e d , t h e o p e r a t o r t e l l s t h e HP-85 t o b e g i n s e n d i n g t h e f i l e s .
The HP-85 o p e n s t h e f i r s t c a s s e t t e f i l e , t r a n s f e r s t h e d a t a , c l o s e s t h a t c a s s e t t e f i l e , o p e n s t h e n e x t f i l e , a n d c o n t i n u e s u n t i l a l l c a s s e t t e f i l e s have been t r a n s f e r r e d .
A t t h i s p o i n t t h e o p e r a t o r c a n e i t h e r c l o s e t h e VAX f i l e o r , i f t h e r e is a second t a p e f o r t h e same c r u i s e , e n t e r t h e l i s t o f f i l e names and have d a t a from t h a t t a p e i n c l u d e d i n t h e same VAX f i l e .
When a l l o f t h e d a t a f o r a c r u i s e h a v e b e e n t r a n s f e r r e d , t h e VAX f i l e is c l o s e d and t h e W-85 program terminates.
NODC p u r p o s e l y l i m i t e d its HP-85 f u n c t i o n t o d a t a t r a n s f e r i n a n t i c i p a t i o n t h a t t h e n e x t g e n e r a t
M o s t o f t h e VAX s o f t w a r e w i l l probably be a p p l i c a b l e f o r some t i m e t o come.
The n e x t s t e p i s t o c o n v e r t t h e raw d a t a t o a modified version of N O D C ' s Universal Bathythermograph (UBT) format. There is a separate convers i o n program for data recorded by the Bathy and Suttron systems because of the fundamental differences between the raw d a t a f i l e s . The VAX f i l e t h a t is g e n e r a t e d b y t h e B a t h y t r a n s f e r program c o n t a i n s a J u l i a n d a t e t h a t must be t r a n s l a t e d t o year/month/day form.
The raw &thy data does not c o n t a i n a depth-to-bottom or cut-off depth, 60 t h e o p e r a t o r must c o n s t r u c t a bottom depth f i l e u s i n g information from the log sheet.
This allows the conversion program t o c u t o f f t h e t r a c e i f t h e p r o b e h i t bottom.
The raw & t h y r e p r e s e n t a t i o n o f temperature and depth 
The c o n v e r t e d d a t a a r e w r i t t e n t

i n t s , and t h e d e p t h s are t o t e n t h s o f m e t e r s ( i n s t e a d o f
whole m e t e r s ) . These records can contain up t o 3200 deptht e m p e r a t u r e p a i r s .
A t t h i s p o i n t t h e d a t a a r e i n a common format regardless of the recording system t h a t was used.
The UBT d a t a r e c o r d d o e s c o n t a i n i n f o r m a t i o n , h o w e v e r , t h a t i d e n t i f i e s t h e s o u r c e as a c a s s e t t e from e i t h e r a & t h y or a S u t t r o n
system.
The n e x t o p e r a t i o n is t h e r e a l d a t a p r o c e s s i n g s t e p ; e v e r y t h i n g up t o t h i s p o i n t is done t o prep a r e t h e d a t a f o r p r o c e s s i n g .
The n e x t program removes spikes, smooths the "trace", and calculat e s t h e f l e x u r e p o i n
t s t h a t w i l l b e s t o r e d t o d e s c r i b e t h e t r a c e . The o u t p u t from t h i s program i s an a c t u a l NODC UBT r e c o r d t h a t c o n t a i n s h e a d e r information and a s e r i e s o f up t o 305 deptht e m p e r a t u r e p a i r s w i t h d e p t h s t o whole meters and temperatures to hundredths of a degree Celsius. The t e c h n i c a l d e t a i l s o f t h i s program w i l l be d e s c r i b e d l a t e r . Quality Assurance and Archiving
The d a t a a r e now r e a d y t o be t r a n s f e r r e d t o t h e NODC data archives, which are maintained on a mainframe system (Sperry 1100 s e r i e s ) l o c a t e d a t the National Climatic 
Here t h e d a t a a r e s u b j e c t t o t h e same q u a l i t y a s s u r a n c e t e s t i n g a s d a t a t h a t were d i g i t i z e d from s t r i p c h a r t s .
The UBT r e c o r d s a r e segmented i n t o BO-character pieces and transmitted t o t h e S p e r r y mainframe via a communications l i n e u s i n g 3780 b i s y n c p r o t o c o l . There t h e p i e c e s a r e reassembled into a f i l e of UBT r e c o r d s . The q u a l i t y a s s u r a n c e g r o u p is n o t
i f i e d t h a t t h e d a t a a r e a v a i l a b l e . A f t e r t h e d a t a p a s s t h r o u g h t h i s
system and are v e r i f i e d a s " c l e a n " , t h e y a r e added t o t h e monthly t r a n s a c t i o n t a p e t h a t is p a s s e d t o the data archiving group. During the next XBT update cycle, the data w i l l be added t o t h e NODC XBT a r c h i v e f i l e and t h e i n v e n t o r y w i l l be updated t o r e f l e c t t h e p r e s e n c e o f t h e s e d a t a .
A f t e r t h e d a t a h a v e b e e n s u c c e s s f u l l y t r a n s f e r r e d t o t h e q u a l i t y a s s u r a n c e g r o u p , t h e r e is a c e r t a i n amount of cleanup work t h a t must be performed on t h e VAX.
The f i l e s o f "raw" pseudo-UBT d a t a a r e c o n v e r t e d t o a c h a r a c t e r f o r m a t and w r i t t e n t o t a p e .
These d a t a w i l l be r e t a i n e d and a v a i l a b l e from NODC f o r s e v e r a l y e a r s .
Cklce t h e t a p e c o p i e s have been made, a l l d i s k f i l e s t h a t were used t o p r o c e s s t h e s e d a t a a r e d e l e t e d a n d t h e o r i g i n a l c a s s e t t e s a r e s e n t t o t h e SEAS o f f i c e t o b e recycled.
DATA PROCESSING I n a n a t t e m p t t o o b t a i n t h e b e s t d i g i t a l p r o d u c t w i t h t h e minimum amount o f r e s o u r c e s , NODC devel o p e d s e v e r a l v a r i a t i o n s t o t h e
b a s i c p r o c e s s i n g system using the preprocessed XBT f i l e . I n i t i a l l y we accepted the preprocessed XBT o b s e r v a t i o n s and c o n t i n u e d o u r n o r m a l a c t i v i t y o f r e d u c i n g t h e number of depth-temperature pairs to flexure p o i n t s u s i n g t h e same c r i t e r i a NODC uses in analog XBT processing. Before long, however, we r e a l i z e d t h a t t h e r e were a s i g n i f i c a n t number of temp e r a t u r e s p i k e s i n t h e o r i g i n a l d a t a t h a t were b e i n g s e l e c t e d as f l e x u r e p o i n t s f o r N O D C ' s archives.* Attempts were made t o smooth t h e o r i g i n a l d i g i t a l p r o f i l e u s i n g l e a s t s q u a r e s c u r v e f i t t
i n g . T h i s o p t i o n was r e j e c t e d b e c a u s e
it r e s u l t e d i n i n t e rpolated depth-temperature pairs.
However, NODC w i l l be i n v e s t i g a t i n g s i m i l a r t e c h n i q u e s f o r f u t u r e a p p l i c a t i o n s .
SPIKE IDENTIFICATION
The mechanism t o a u t o m a t i c a l l y i d e n t i f y e x c e s s i v e t e m p e r a t u r e g r a d i e n t s ( s p i k e s ) u s i n g t h e NODC VAX 11/750 becomes d i f f i c u l t w i t h o u t t h e b e n e f i t o f human a n a l y s i s .
T h i s is e s p e c i a l l y t r u e when t h e magnitude of the spike is b o r d e r l i n e t o t h e p h y s ic a l c h a r a c t e r i s t i c s of the ocean.
NODC s e l e c t e d 2OC/m a s t h e maximum temperature gradient
per-
mitted. In doing so we r e a l i z e t h a t v a l i d temp e r a t u r e d i f f e r e n c e s between adjacent depth levels o f l e s s t h a n 1 meter may t r a n s l a t e t o g r a d i e n t s exceeding 2"C/m. T h i s p h y s i c a l c h a r a c t e r i s t i c o n l y o c c u r s i n r e l a t i v e l y s m a l l a r e a s o f t h e ocean, however, usually associated with oceanic f r o n t s .
I n c r e a s i n g o u r s p i k e window would i n t r oduce much more s u s p e c t d a t a i n t o t h e XBT a r c h i v e s and create problems for the subsequent data users.
The test f o r t e m p e r a t u r e s p i k e s a s s u m e s t h a t t h e s t a r t i n g s u r f a c e t e m p e r a t u r e v a l u e is v a l i d .
In NODC's development a c t i v i t y we found t h i s n o t t o b e t r u e i n a few c a s e s , r e s u l t i n g i n s u b s e q u e n t valid depth-temperature pairs being removed. The review of the raw d a t a c l e a r l y showed t h e f i r s t two temperatures well outside those comprising the * F l e x u r e p o i n t s e l e c t i o n f o r t h e r e a l -t i m e t r a n s m i s s i o n o f XBT d a t a may a l s o c o n t a i n temp e r a t u r e s p i k e s . These d a t a a r e a l s o m a n u a l l y e d i t e d a t NOAA's National Meteorological Center before being routed through the GTS network. [ 2 ] This is e q u i v a l e n t t o t h e e l i m i n a t i o n o f a l l temperature v a l u e s in t h e f i r s t 3 m. S i n c e t h e r e i s no s u r f a c e ( 0 m ) temperature v a l u e p r e s e n t , t h e t e m p e r a t u r e v a l u e a t 3 m is used t o c r e a t e t h e s u r f a c e d e p t h -t e m p e r a t u r e p a i r . is incremented to t h e d e p t h -t e m p e r a t u r e p a i r t h a t s a t i s f i e d t h e criteria.
SPIKE TESTING AND REMOVAL S t a r t i n g w i t h t h e 5 t h d e p t h -
I f t h e c r i t e r i o n is n o t m e t a f t e r 10 s u c c e s s i v e p a i r s , t h e p r o f i l e is c u t o f f a t D n , T n . The t e s t f o r p o s i t i v e t e m p e r a t u r e d i f f e r e n c e s w a s i n s t i t u t e d t o r e t a i n t h e p r o f i l e a t l a r g e t h e r m o c l i n e s ( F i g u r e
2 ) .
FLEXURE POINT COMPUTATION
A f t e r s p i k e s a r e removed from t h e p r o f i l e , t h e d a t a a r e compressed t o f l e x u r e p o i n t s b y f i t t i n g a s e r i e s o f l i n e s e g m e n t s s u c h t h a t no depthtemperature pair d e v i a t e s from t h e l i n e segment by more t h a n 0 . l o C .
The end p o i n t s of t h e s e l i n e segments are saved.
The f l e x u r e p i n t window o f 0. l D C is s m a l l e r t h a n t h a t u s e d i n p r o c e s s i n g t h e a n a l o g traces ( 0 . 1 5 O C ) . The r a t i o n a l e for t h i s change i s based upon t h e d i g i t i z a t i o n method f o r t h e d a t a .
It is f e l t t h a t t h e
A-D process used f o r d a t a from t h e SEAS system is more p r e c i s e t h a n t h a t o f t h e m a n u a l following of the analog is t o smooth t h e d a t a by r e t a i n i n g o n l y t h e end p o i n t s o f i s o t h e r m a l l a y e r s .
An i s o t h e r m a l l a y e r is d e f i n e d a s one w i t h a l l a d j a c e n t t e m p e r a t u r e s w i t h i n 0.05OC of each other.
DISCUSSION
To d a t e NODC has processed approximately 40 m T c a s s e t t e tapes.
The system has performed extremely w e l l , b u t c a r e f u l r e v i e w o f t h e f i n a l p r o d u c t
